Endoscopic ultrasonography (EUS) has been proven to be an excellent method for the evalua− tion of masses within the dorsal mediastinum, especially lymph nodes. By means of EUS−guided fine−needle aspiration biopsy (FNAB), this tech− nique provides relevant information concerning the histologic classification and staging of malig− nant disease and for the diagnostic confirmation of benign disorders such as sarcoidosis or bacte− rial abscesses [1 ± 5]. The diagnostic accuracy of EUS−guided FNAB in these settings is about 90 % ± 95 % [1 ± 4]. Recently, elastography has been presented as a new ultrasonography−associated technology. The method measures mechanically induced defor− mations (strain) of structures in the B−mode im− age in order to quantify the elasticity of the tis− sue. The question under investigation is whether diffuse or focal organ changes have specific elas− tographic qualities which allow, by noninvasive means, the establishment of the correct diagno− sis or at least classification as benign or malig− nant disease. First experiences in differentiating nodules of the breast [6, 7] , the prostate [8] , and the thyroid gland [9] by ultrasound elastography have been promising. Recent reports indicate that elastography can also be applied in EUS of the pancreas and lymph nodes [10, 11] , and these authors are optimistic about improving the non− invasive discrimination between benign and ma− lignant tissue. With regard to mediastinal EUS, elastography could be advantageous for selecting suitable lymph nodes for effective EUS−guided FNA and maybe for the noninvasive nodal staging of carcinomas. The purpose of this study was to test the feasibil− ity of EUS elastography of lymph nodes within the dorsal mediastinum, and to explore the elas− tographic patterns of benign and malignant le− Background and study aims: Ultrasonographic elastography is a new technique for describing the mechanical properties of tissue during real− time ultrasonography. The aim of this study was to test the feasibility of this method in endoso− nography (EUS) of the dorsal mediastinum, and to compare the elastographic patterns of lymph nodes with results from EUS−guided fine−needle aspiration biopsy (FNAB). Patients and methods: 50 consecutive patients undergoing EUS−guided FNAB of at least one paraesophageal lymph node were included. Each of these targeted lymph nodes was examined also elastographically. The elastographic patterns were described and compared with the histologic results by a first examiner. The elastographic classification was subsequently further tested by two blinded reviewers. Results: In total, 66 lymph nodes were exam− ined; 37 lymph nodes revealed benign and 29
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Endoscopic ultrasonography (EUS) has been proven to be an excellent method for the evalua− tion of masses within the dorsal mediastinum, especially lymph nodes. By means of EUS−guided fine−needle aspiration biopsy (FNAB), this tech− nique provides relevant information concerning the histologic classification and staging of malig− nant disease and for the diagnostic confirmation of benign disorders such as sarcoidosis or bacte− rial abscesses [1 ± 5] . The diagnostic accuracy of EUS−guided FNAB in these settings is about 90 % ± 95 % [1 ± 4] . Recently, elastography has been presented as a new ultrasonography−associated technology. The method measures mechanically induced defor− mations (strain) of structures in the B−mode im− age in order to quantify the elasticity of the tis− sue. The question under investigation is whether diffuse or focal organ changes have specific elas− tographic qualities which allow, by noninvasive means, the establishment of the correct diagno− sis or at least classification as benign or malig− nant disease. First experiences in differentiating nodules of the breast [6, 7] , the prostate [8] , and the thyroid gland [9] by ultrasound elastography have been promising. Recent reports indicate that elastography can also be applied in EUS of the pancreas and lymph nodes [10, 11] , and these authors are optimistic about improving the non− invasive discrimination between benign and ma− lignant tissue. With regard to mediastinal EUS, elastography could be advantageous for selecting suitable lymph nodes for effective EUS−guided FNA and maybe for the noninvasive nodal staging of carcinomas. The purpose of this study was to test the feasibil− ity of EUS elastography of lymph nodes within the dorsal mediastinum, and to explore the elas− tographic patterns of benign and malignant le− Background and study aims: Ultrasonographic elastography is a new technique for describing the mechanical properties of tissue during real− time ultrasonography. The aim of this study was to test the feasibility of this method in endoso− nography (EUS) of the dorsal mediastinum, and to compare the elastographic patterns of lymph nodes with results from EUS−guided fine−needle aspiration biopsy (FNAB). Patients and methods: 50 consecutive patients undergoing EUS−guided FNAB of at least one paraesophageal lymph node were included. Each of these targeted lymph nodes was examined also elastographically. The elastographic patterns were described and compared with the histologic results by a first examiner. The elastographic classification was subsequently further tested by two blinded reviewers. Results: In total, 66 lymph nodes were exam− ined; 37 lymph nodes revealed benign and 29 malignant tissue at the histologic evaluation. Good elastographic records were obtained for all lymph nodes. Of the 37 benign lymph nodes, 31 showed a homogeneous pattern of intermediate elasticity, whereas a dominance of hard tissue with variable patterns was found in 23 of 29 malignant lymph nodes. Applying these criteria, the accuracy range among the three examiners was between 81.8 % and 87.9 % for benign lymph nodes and between 84.6 % and 86.4 % for malig− nant ones. The interobserver agreement was ex− cellent (kappa = 0.84). Conclusion: EUS elastography of mediastinal lymph nodes can be performed reliably. The re− sults are good for a noninvasive technique, but they remain inferior to the success rate of EUS− guided FNAB. The method might occasionally be useful for targeting the most suitable lymph nodes for FNAB.
sions based on results from EUS−guided FNAB of these lymph nodes.
Patients and methods
!
Patients
Between April 2005 and July 2006, all patients undergoing EUS− guided FNAB were consecutively invited to join this prospective study and undergo additional elastographic evaluation. The indi− cation for EUS−guided FNAB arose from the assessment of en− larged mediastinal lymph nodes in CT scans of the chest. FNAB was performed for clinical reasons independently of the purpo− ses of the study. All patients gave informed consent beforehand. The study has been approved by the local ethics committee.
Technical equipment
We used linear EUS probes (FG 34ux and FG 38ux; Pentax Europe GmbH, Hamburg, Germany) with suitable needles for FNAB (Echotip Ultra; Cook, Limerick, Ireland; and SonoTip II; Medi−Globe, Achenmühle, Germany), and the ultrasound plat− form EUB 8500 (Hitachi Medical Systems GmbH, Wiesbaden, Germany) with an integrated elastography module. This module is generally available and enables real−time elastographic analy− sis. Technical details are described elsewhere [12] .
EUS elastography and examination protocol
The elasticity of tissue is reconstructed within a sample area and translated into a color signal that overlies the real−time B−mode image. The colors associated with hard, intermediate, and soft tissues are blue, green/yellow, and red, respectively. The com− plete spectrum from blue to red encoding is applied to each elas− tographic record and indicates the graduation of relative elasti− city within this sample area. Elastographic and B−mode images are displayed simultaneously side by side. The quality of the elastographic signal is indicated by a numeric scale from 1 to 7 within the image. We always used maximal sensitivity for the elastographic recording. The sample area was adjusted to in− clude the focal lesion and variable portions of the surrounding tissue. The maximal depth of the area was about 3.0 cm. The examinations were performed by the same endoscopist (J. J.). There was no use of a balloon to improve the coupling to the wall. The probe was attached to the wall with just sufficient pressure to obtain an optimal B−mode image. The B−mode fre− quency used was 7.5 MHz. Elastography was carried out on all lymph nodes that were can− didates for EUS−guided FNAB. Selection for FNA was done by giv− ing preference to lymph nodes with positive B−mode criteria for malignancy (round, echopoor, size greater than 1 cm, sharp bor− der), which were recorded in the protocol for each lymph node. The examinations were recorded on video loops of at least 20 seconds. In the analysis of these sequences, and not only of sin− gle images, the elastographic patterns were described immedi− ately after the examination, with regard to the dominant colors and their distribution within the lymph node under observation. This description formed the basis for the following classification of elastographic types, as used by our group for EUS elastography of the pancreas [13] : " Type 1: relatively homogeneous coloring " Type 2: areas of two or three different colors " Type 3: honeycomb pattern. The elastographic colors are indicated by letters: A, blue (hard tissue); B, green/yellow (intermediate); and C, red (soft). These letters are added to the type number in declining sequence ac− cording to the proportion of color they represent within the re− gion of interest. The elastographic types were later compared with the histologic results from EUS−guided FNAB by a first examiner. Therefore, only lymph nodes with positive proof of lymphatic tissue or well defined malignancy or benign disease were accepted for data analysis. The technique of EUS−FNAB is described elsewhere and provides specimens for mini−histologic examination [14] . If several lymph nodes per patient were punctured, different needles were used. To investigate the validity and the interobserver variability of the criteria for benign and malignant lymph nodes found in this study, two reviewers (C.F.D., U.W.) were asked to apply these criteria to the complete set of images of the 66 lymph nodes (2 ± 4 images per lymph node) without knowledge of the histo− logic results. To minimize bias from the B−mode imaging, they were given the elastographic images without the corresponding B−mode counterparts and without size scales. The outer borders of the lymph nodes were highlighted within the elastograms.
Statistical analysis
A sample size of 50 patients providing adequate histologic re− sults for one or more lymph nodes was chosen as the basis for defining characteristic elastographic patterns for benign and malignant lymph nodes. Accuracy rates were calculated for the B−mode criteria for malig− nancy, for the establishment of the diagnostic elastographic criteria, and for their application by two blinded reviewers. The results for lymph nodes that were not classifiable were treated as being false.
Elastographic type* All benign lymph nodes Size Sarcoidosis Table 1 Elastographic types of the 37 lymph nodes found histologically to be benign after endoscopic ultrasound (EUS)−guided fine−needle as− piration biopsy (FNAB) Interobserver variability among the three examiners as to the elastographic classification of the lymph nodes into three cate− gories (benign, malignant, not classifiable) was characterized using the kappa coefficient. A kappa value of greater than 0.8 was interpreted as excellent interobserver agreement.
Results
!
In total, 53 patients were asked to participate in the study. Two patients had to be excluded because of inadequate histologic specimens. In another case the diagnostic categorization of sus− pect cells remained uncertain. Finally therefore, results from 50 patients (30−males, 20 fe− males; age 63.2 12.8 years) were included in this study. Among these patients, 34 underwent EUS−guided FNAB and elastogra− phy of a single lymph node, and in 16 patients two lymph nodes were investigated. Elastographic records of good quality were obtained for all these 66 lymph nodes, at signal levels between 2 and 5.
Histologic results
Histological examination of the FNAB specimens revealed be− nign tissue in 37 lymph nodes (normal lymphatic tissue, n = 24, unspecific lymphadenitis, n = 4, sarcoidosis, n = 9). In 29 speci− mens, malignancy was proven (metastatic carcinoma, n = 28, malignant lymphoma, n = 1). Two patients showed one malig− nant and one benign lymph node at the histologic examination of the FNAB specimens, whereas results were concordant in the other 14 patients who had examination of two sites. Malignant lymph nodes tended to be larger than benign ones (27.0 13.0 mm versus 22.2 8.7 mm, difference not significant).
Of the 29 malignant histology samples, 8 (27.6 %) included ne− crotic portions; these were not detected in benign lesions.
Elastographic patterns of benign lymph nodes
Of the 37 benign lymph nodes (l " Fig. 1 a) . One lymph node, in a patient who had undergone radiotherapy of mediastinal lymphoma, was homogeneously blue, i. e. hard (type 1A; l " Fig. 1 b) , whereas 5 lymph nodes re− vealed areas of different colors, representing areas of different elasticity (type 2A/B, n = 2 [l " Fig. 1 c] ; type 2B/A, n = 2; type 2A/B/C, n = 1). The honeycomb pattern (type 3) was not seen in benign lymph nodes. l " Table 1 shows that the pattern distribution of type 1 versus type 2 elastograms was similar for benign lymph nodes up to 25 mm (n = 26) and those larger than 25 mm (n = 11), and was also similar in the 9 lymph nodes affected by sarcoidosis com− pared with the other 28 benign lymph nodes.
Elastographic patterns of malignant lymph nodes
The elastographic patterns in malignant lymph nodes were less uniform (l " Table 2 ). A homogeneous pattern was seen in 10 lymph nodes (type 1A, n = 8 [l " Fig. 2 a] ; type 1B, n = 2). A type 2 pattern, with areas of different elasticity, was seen in 11 lymph nodes (type 2A/B, n = 8; type 2B/A, n = 2; type 2B/C, n = 1 [l " Fig. 2 c] ). The type 3 honeycomb pattern was found in 8 lymph nodes (type 3A/B, n = 7 [l " Fig. 2 b] ; type 3B/A, n = 1). In 23 of the 29−malignant lymph nodes, the elastographic image was dominated by the blue color which represents relatively hard tissue (types 1A, 2A/B, 3A/B). Of the 6 lymph nodes that were not dominated by blue color, 4 revealed necrotic material at histology. None of the 13 malignant lymph nodes larger than 25 mm was assigned to elastographic type 1 (homogeneous col− oring); the honeycomb type 3 was only found in 8 of these 13 large lymph nodes (62 %). 
Statistical description and interobserver variability
Discussion
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Bearing in mind the findings of Sa AEftoiu et al. [11] , our data con− firm that real−time EUS elastography can be applied with techni− cal success to mediastinal lymph nodes and produces plausible results. Internal compression by pulsatile excursions of the aorta and the heart induce deformations of paraesophageal lymph nodes which allow quantification and discrimination of their stiffness. In our study, the diagnostic assignment to benign or malignant conditions is based on the results from EUS−guided FNAB as gold standard. This design guarantees the examination of the same lesion histologically and by elastography. The diagnostic accuracy of EUS−guided FNAB exceeds 90 % for mediastinal mas− ses [1 ± 4,14] . No false−positive results have been reported in these series and the risk of false negatives regarding malignant disease, i. e. the probability that malignancy had been missed in any of the 37 lymph nodes with benign lymphatic tissue at the histologic examination, is very low. Therefore, the design chosen seems to be adequate for the present investigation.
Our data suggest that the homogeneous green pattern (type 1B; l " Fig. 1a ) is almost characteristic for benign lymph nodes and that elastograms dominated by blue color (types 1A, 2A/B, 3A/ B) are indicators for malignancy irrespective of pattern type. As reproduced by two blinded reviewers who also applied these criteria, the diagnostic accuracy was about 85 % for both categor− ies and exceeds the accuracy of B−mode criteria for malignancy in our study population. Provided that the elastographic result can be reproduced by further prospective studies, it is quite good for a noninvasive method and within the range of accura− cies of morphologic EUS criteria for malignancy of lymph nodes that have been previously reported [15 ± 17] , but it is inferior to the accuracy of EUS−guided FNAB of mediastinal masses. Sa AEftoiu et al. [11] examined lymph nodes within the entire upper gastrointestinal tract by EUS elastography. Using similar criteria to ours to discriminate between benign and malignant lymph nodes, they found an accuracy of 92.9 % with a qualitative exam− iner−dependent analysis, and an accuracy of 95.2 % using an "elasticity ratio" based on histogram analysis of the green and blue channels. Thus, their results matched those of EUS−guided FNAB. The differences between the two studies could arise first, from different methods of data analysis, and/or secondly, from differ− ences in the composition of the patient groups. The examiner− based approaches seem to be similar in both studies, and they necessarily include the same risk of subjective decision making. Nevertheless, single−image interpretation can be performed at a high level of interobserver agreement, as our analysis shows.
Computer−based analysis promises a higher level of objectivity and this is true for the quantitative color analysis of a single elas− tographic image taken from a video loop. In our experience, however, the coloring that represents tissue elasticity varies from image to image within the video recording to a greater or lesser degree. Thus, the subjective selection of single images from a video loop for computer−based analysis may counteract the efforts to establish objectivity. This limitation is also valid for our interobserver test, since we could only offer adapted elas− tographic images to the reviewers and not complete videos. Elastographic type* All malignant lymph nodes Size 8.7 mm versus 12.55 5.12 mm, malignant lymph nodes 27.0 13.0 mm versus 20.79 10.24mm). Considering the possible his− tologic structures of benign and malignant lymph nodes, it is to be expected that they should reveal a variety of elastographic ap− pearances that in part may be size−dependent. Tumor infiltra− tion may be accompanied by desmoplastic reactions and might lead to the honeycomb pattern that we saw in the majority of large malignant lymph nodes (l " Fig. 2 b) , and that is known from pancreatic cancer and chronic pancreatitis [13] . As seen in four of our patients, necrosis within malignant lymph nodes may soften the consistency and consequently result in a red (soft) appearance instead of the usual blue (hard) one (l " Fig. 2 c) . Chronic inflammation, for example caused by sar− coidosis or chemoradiotherapy, will induce fibrosis of benign and malignant lymph nodes and consequently cause a blue (hard) encoding at elastography (l " Fig. 1 b) . This phenomenon might prevent the demonstration by elastography of tumor dis− appearance after chemoradiotherapy of malignant lymph nodes. Last but not least, very small malignant metastatic islands within the lymph nodes might change neither the B−mode nor the elastographic image in comparison with healthy lymph nodes and might also be missed by EUS−guided FNAB. We conclude that real−time EUS elastography provides plausible results as to the description of the mechanical structure of med− iastinal lymph nodes. Elastography is not suitable for replacing histologic examination and FNAB. The limitation of the method seems to arise more from the overlap of similar mechanical properties in normal tissue and tissue affected by benign or ma− lignant disease than from any technical shortcomings of elasto− graphy. Further studies are necessary to prove that a computer− based analysis is superior to an examiner−based approach. EUS elastography might occasionally help to identify malignant lymph nodes that are suitable for effective FNA, but the diagnos− tic significance of EUS elastography still remains to be deter− mined.
Competing interests: None Fig. 2 The elastographic appearance of malignant lymph nodes is domi− nated by blue (hard) encoding, regardless of the pattern. a An homoge− neously blue lymph node (type 1A) affected by metastatic disease from non−small−cell lung cancer. b The honeycomb pattern dominated by blue strands (type 3A/B) is demonstrated in a large malignant lymph node (metastasis from papillary thyroid cancer). c Tumor necrosis, as present here with metastasis from non−small−cell lung cancer, may soften the structure of malignant lymph nodes and cause a green/red appearance (type 2B/C).
